Tetrahedral chalcogenide clusters, with their well-defined molecular structures and interesting properties, are attractive building blocks for hybrid materials, in which porosity may be integrated with electronic or optical properties. Linkage of tetrahedral clusters often occurs through bridging chalcogenolate ligands, and results in extended structures of inorganic connectivity. However, linkage of tetrahedral clusters via organic ligands is also possible and a number of coordination polymers have already been reported. Recent advances on the synthesis and crystal structures of extended hybrid structures based on tetrahedral clusters are described here.
Introduction
Hybrid materials, constructed from covalently bonded organic and inorganic moieties, have developed into an important new class of solid-state materials over the last two decades. 1 Their synthesis involves the combination of different organic and inorganic moieties and provides an unprecedented capacity to yield materials with novel properties, arising from synergistic interactions between dissimilar components. 2 The use of well defined metal clusters as building blocks is a promising approach for the preparation of hybrid materials. Extended hybrid solids based on inorganic clusters instead of individual metal centres can be expected to have an expanded structure which, for three-dimensional solids, could result in highly porous materials, containing pores in either the micro-or mesoporous range. In addition, the introduction of an organic component within the structure provides control over the dimensions of the pores through modification of the length and the shape of the organic chains, and also enables the functionalization of the organic linker depending on the desired applications. By modifying the connectivities of both the organic ligands and the inorganic clusters, access to a wide variety of topologies and structures should be possible. In addition, the optical and electronic properties of inorganic nanoclusters, which can be considered as intermediate between those of mononuclear species and bulk materials, may be modified by controlling the cluster size, composition and interactions. 3 Tetrahedral chalcogenide clusters, with their well-defined molecular structures and their interesting optical and electrical properties, 4 are attractive building blocks for hybrid materials. Traditionally, a coordination chemistry approach has been used for the preparation of tetrahedral chalcogenide clusters. 5, 6 More recently, solvothermal synthesis has been exploited for the preparation of hybrid materials containing 4 tetrahedral chalcogenide clusters. This has resulted in the identification of new clusters, as well as novel hybrid extended structures. After a brief overview of the existing families of tetrahedral clusters, here we will focus on the use of such units as building blocks for the assembly of hybrid extended structures. (Figure 2 (c)) . 20 
Tetrahedral clusters

Pentasupertetrahedral clusters
Pentasupertetrahedral clusters, denoted as Pn, can be formed by coupling four Tn significant red-shifts in their UV-Vis spectra, and therefore provide a potential route to modify the optical properties of cluster-based hybrid frameworks.
Capped supertetrahedral clusters
Capped clusters, which are generally denoted as Cn, can be defined as consisting of a core which is a regular fragment of the cubic ZnS-type lattice, together with four corner barrelanoid cages possessing the characteristics of the hexagonal wurtzite-type lattice ( Figure 4 , has been proposed on the basis of EXAFS measurements, but its crystal structure has not been determined. 33 The hybrid extended structures based on tetrahedral chalcogenolate clusters (Table 1 ) and chalcogenide clusters (Table 2) have been classified according to these categories in the following sections.
Extended structures containing chalcogenolate clusters (a) Extended inorganic hybrids
The exhibits the α-cristobalite topology ( Figure 6 (a)), other topologies are found with different substituents in the phenyl rings. In particular, the use of 4-methylphenylthiolate results in the formation of a CrB 4 -type framework, in which tetrahedral boron sites are replaced by T2 clusters (Figure 6(b) ). 38 A two-dimensional structure, with a corrugated honeycomb-like topology, is obtained when using 4-bromophenylthiolate, 39 whilst reactions using 2-methylphenylthiolate do not result in the formation of adamantane-based structures, presumably owing to steric interactions. 40 9
In order to prepare larger thiolate clusters, a source of sulphur must be incorporated into the reaction. The use of CS 2 or thiourea as S 2- the double diamond topology. 43 Cadmium-based C1 clusters are also the building units of chiral frameworks with the β-quartz topology, 41 and with an unusual (3,4)-connected interpenetrating boracite topology, which exhibits interesting photoelectric properties. 44 The later crystal structure contains alternating 3-connected C1 clusters, , can be joined by their vertexes to form structures with the double diamond topology, using metal-chelate dyes as templates. 45 The optical properties of , and TPOM ( Figure   8 (c)). 48 In this coordination polymer, TPOM has a lower connectivity than expected, as only two of the four available pyridyl groups are used to crosslink the C1 clusters. alternate, can be prepared by using either pyridine or 3,5-dimethylpyridine as solvents and 1,2,-di(4-pyridyl)ethane as a linker (Figure 11(a) ). 53 Linkage of these supertetrahedral clusters into two-dimensional layers, which exhibit a honeycombtype topology, has been achieved by using 1,2-di(4-pyridyl)ethylene as a linker between clusters (Figure 11(b) ). 53 In the later material, the corrugated layers, which have a pore diameter of ca. 30 Å, are stacked in a staggered fashion, and this results in a crystal structure which resembles that of grey arsenic. As illustrated in Figure 11 , the connectivity of the supertetrahedral [Ga 10 S 16 L 4 ] 2-clusters in these two extended structures is lower than four. Whilst the reduced connectivity generally found for cadmium-thiolate clusters is attributed to the lack of stability of positively-charged clusters, these [Ga 10 S 16 L 4 ] 2-clusters remain negatively charged when all four vertexes contain neutral ligands and therefore assembly of structures in which all four vertexes are connected should be feasible. Whilst the two extended structures described here belong to the I 0 O n classes, and therefore consist of zero-dimensional inorganic units linked via organic moieties, the range of possible structural types could be increased 13 by preparing structures in which both inorganic and organic linkages coexist. Indeed the first example of a two-dimensional I 1 O 1 structure, in which each cluster is four connected, has been reported very recently. 54 In addition, by replacing ditopic linkers with multitopic linkers, the preparation of extended structures with a wide range of connectivities would also become possible.
An extended inorganic hybrid, containing indium-telluride supertetrahedral clusters, and which exhibits nonlinear optical properties, has been recently reported. Although work to date has been focused on structural aspects, materials with interesting photoluminescent, photoelectric or nonlinear optical properties have already been reported. 47, 44, 55 It has also been suggested that materials containing metal chalcogenide clusters behave as arrays of quantum dots, and exhibit size-dependent optical properties. 
Figure 3
The first two members of the pentasupertetrahedral Pn family. A polyhedral representation is used for the central antisupertetrahedral cluster.
Figure 4
The first two members of the capped Cn family. 
